This study was conducted to compare the anesthetic effects of 2,2,2-tribromoethanol (TBE, Avertin ® ) in ICR mice obtained from three different sources. TBE (2.5%) was intraperitoneally injected at three doses: high-dose group (500 mg/kg), intermediate-dose group (250 mg/kg), and low-dose group (125 mg/kg). Anesthesia time, recovery time, end-tidal peak CO 2 (ETCO 2 ), mean arterial blood pressure, heart rate, oxygen saturation (SpO 2 ), body temperature, pH, PCO 2 , and PO 2 of the arterial blood were measured. Stable anesthesia was induced by all doses of TBE and the anesthesia time was maintained exhibited dose dependency. No significant differences in anesthetic duration were found among the three different strains. However, the anesthesia time was longer in female than in male mice, and the duration of anesthesia was significantly longer in female than in male mice in the high-dose group. The recovery time was significantly longer for female than male mice in the intermediate-and high-dose groups. In the ICR strains tested, there were no significant differences in the mean arterial blood pressure, SPO 2 , arterial blood PCO 2 , and PO 2 , which decreased after TBE anesthesia, or in heart rate and ETCO 2 , which increased after TBE anesthesia. In addition, body temperature, blood biochemical markers, and histopathological changes of the liver, kidney, and lung were not significantly changed by TBE anesthesia. These results suggested that ICR mice from different sources exhibited similar overall responses to a single exposure to TBE anesthesia. In conclusion, TBE is a useful drug that can induce similar anesthetic effects in three different strains of ICR mice.
Lab Anim Res | December, 2018 | Vol. 34 , No. 4 analgesia [5] and is mainly achieved by injection or inhalation anesthetics. 2,2,2-Tribromoethanol (tribromoethanol [TBE] ; Avertin ® ) has been used as a general anesthetic for laboratory animals since 1980s. TBE induces the suppression of the respiratory and cardiovascular centers of the central nervous system [6] and rapidly induces short term anesthesia with rapid recovery [7] . Papaioannou and Fox [8] reported that TBE was an anesthetic agent with low mortality, a morbidity rate less than 1%, and no significant abdominal adhesions or inflammatory responses. However, TBE-induced side effects, such as peritonitis, intestinal ileus, serositis of the abdominal organs, and death, are known to occur in mice [9] . In addition, repeated TBE injection is reported to lead to high mortality [6] , and there are differences in the anesthetic effects in some strains of inbred mice [10, 11] . However, no study has compared the anesthetic effects of TBE in ICR mice obtained from different sources. The present study was conducted to compare the anesthetic effects of the TBE in three strains of ICR mice (Korl:ICR, A:ICR, and B:ICR).
Materials and Methods

Animal experiment
Six-week-old male and female ICR mice were obtained from three difference sources. Korl:ICR mice were kindly provided by the Department of Laboratory Animal Resources in the National Institute of Food and Drug Safety Evaluation (NIFDS, Cheongju, Korea), and the other ICR mice were purchased from two different vendors located in the United States (A:ICR) and Japan (B:ICR). All mice were given ad libitum access to a standard irradiated chow diet (Purina, Seoul, Korea) and filtered tap water. During the experiment, the mice were maintained in a specific pathogen-free environment under strict environmental conditions: light cycle (lights on, 07:00; lights off, 19:00); 22 o C±2 o C; and 50%±10% relative humidity. After an initial acclimation period (14 days), changes in general condition, mobility, appearance, reflexes, and deaths were monitored in all experimental animals; animals that displayed abnormal responses were excluded from the experiment. The mice were housed in the Kyungpook National University-Laboratory Animal Resources Center. All animal experiments were performed in accordance with the Guidelines for Animal Care and Use by Kyungpook National University.
Preparation of anesthetic agent 2,2,2-Tribromoethanol (2%, Sigma-Aldrich, St. Louis, MO, USA), 100% ethanol, and 2-methyl-2-butanol were dissolved in sterile saline. A 40× stock solution of TBE was prepared. Aliquots of 25 µL were placed in 1.5 mL plastic tubes and stored at −20 o C. Working solutions of 2.5% TBE were prepared from a fresh aliquot of stock dissolved in 9.75 mL sterile PBS (pH 7.4) by vortex mixing. Working solutions were stored away from light at 4 o C for a maximum of 1 week.
Anesthetic monitoring and physiological parameters
The experimental protocol and dosages are presented in Table 1 . Male and female Korl:ICR, A:ICR, and B:ICR mice (n=126) were allocated into three groups: the low-dose group (125 mg/kg), the intermediate-dose group (250 mg/kg), and the high-dose group (500 mg/ kg), with seven male and female mice in each group. The mice were weighed before receiving anesthesia. The anesthetic was injected intraperitoneally (i.p.) and the mice were kept on a thermostatically controlled heating pad maintained at approximately 38 o C. The ambient temperature of the laboratory was maintained at 25 o C. The onset of anesthesia was judged by a reduced righting reflex and the loss of pedal withdrawal reflex [12, 13] . Response to noxious stimulation was determined by a negative toe pinch response. Monitoring comprised oxygen saturation (SpO 2 , saturation of percutaneous oxygen) and heart rate using a pulse oximeter (PhysioSuite ® MouseSTAT and CapnoScan, Kent Scientific Corp, Torrington, USA).
Anesthesia time and recovery time monitoring
Anesthesia time and recovery time were measured based on the degree of relaxation of the jaw, skeletal muscle movement, swallowing reflex, corneal reflex, and presence of stimulus-response in the sole and the ear. The induction time was defined as the time from anesthetic injection to an absent response to noxious stimulation. The anesthetic duration was defined as the period of time without a response to noxious stimulation from anesthesia induction to anesthetic recovery. Anesthetic recovery was defined as the time required for movement, ambulation, and righting ability to return after the initial injection.
Blood pressure, heart rate, body temperature, endtidal peak CO 2 and SpO 2 measurements
The blood pressure and heart rate of the mice were measured at 25 o C by using a tail-cuff pulse detection system (MK-2000 model, Muromachi Kikai Co., Tokyo, Japan) before and during the anesthesia. During the measurement of blood pressure, changes in body core temperature were measured using an electronic thermometer in the anus. Pulse oximetry and end-tidal peak CO 2 (ETCO 2 ) were measured during deep anesthesia.
Analysis of arterial blood gases and serum biochemistry
Arterial blood gas analysis was performed by heart sampling during deep anesthesia by using an Epoc ® portable blood gas analyzer (Epocal Inc., Canada). A blood sample (0.8 mL) was collected from the retroorbital plexus of each mouse after undergoing deep anesthesia and centrifuged (Centrifuge 5415R, Eppendorf, Germany) at 3,000 rpm for 15 min. The serum was separated and stored at −70 o C until analysis. Serum concentrations of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), glucose, creatinine, blood urea nitrogen (BUN), uric acid, total protein, albumin, calcium, phosphorus, total cholesterol (TC), and triglyceride (TG), and the albumin to globulin (A/G) ratio were measured by using commercial kits (Asan Pharmaceutical Co., Seoul, Korea) and an automatic chemistry analyzer (Hitachi 7180; Hitachi, Tokyo, Japan).
Histopathological examination
The animals were sacrificed by CO 2 inhalation, and the liver, kidney, and lung tissues were removed, fixed with 4% paraformaldehyde, and embedded in paraffin. Paraffin block samples were cut into 5 µm sections and stained with hematoxylin and eosin (H&E) to enable histological observations.
Statistical analysis
The data were presented as the mean±standard deviation (SD). Statistical analysis was performed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA); Student's t-test was used for comparisons between the experimental groups, and a P value of <0.05 was considered to indicate statistical significance.
Results
Anesthesia time and anesthesia recovery time
The anesthesia time and recovery time after the induction of TBE anesthesia in Korl:ICR, A:ICR, and B:ICR mice are shown in Figure 1 . Stable anesthesia was induced at all doses of TBE and the time for which anesthesia permissible for surgical treatment was maintained was found to be dose dependent. Most mice reached an acceptable anesthetic state for surgical treatment, when the corneal reflex disappeared, within 2 min of injection in the intermediate-and high-dose groups. In Korl:ICR mice, anesthesia was maintained for 3.82-5.2 min, 13.5-16.8 min, and 21.5-34.5 min in the low-, intermediate-, and high-dose groups, respectively. In A:ICR mice, anesthesia was maintained for 3.1-4.9, 14.2-18.6, and 22.9-32.1 min in the low-, intermediate-, and high-dose groups, respectively. In B:ICR mice, anesthesia was maintained for 3.5-5.6, 14.0-17.9, and 20.3-36.8 min in the low-, intermediate-, and high-dose groups, respectively. In all groups, the anesthesia time in female mice was longer than that in male mice, with larger differences observed as the dose increased; statistically significant differences were observed in the high-dose groups of all strains and the low-dose group in B:ICR mice. Anesthesia recovery time in Korl:ICR mice was 17. Mean arterial blood pressure, heart rate, end-tidal peak CO 2 , and SpO 2
The changes in the mean arterial blood pressure (A), heart rate (B), ETCO 2 (C), SpO 2 (D) after the induction of TBE anesthesia in Korl:ICR, A:ICR, and B:ICR mice are presented in Figure 2 . The mean arterial blood pressure tended to decrease as the dose of TBE increased. Although there was no significant difference between each ICR mice strain, the blood pressure of male mice was higher than that of female mice. Blood pressure before the induction of TBE anesthesia was highest Korl:ICR mice, followed by A:ICR and B:ICR mice, but the differences were not significant. Heart rate was higher after the induction of TBE anesthesia than before induction in all groups, although there were no significant differences between dose, sex, and ICR strain. ETCO 2 increased rapidly in a dose-dependent manner after TBE anesthesia compared with before anesthesia and statistical significance observed in the group intermediate-and high-dose groups. SPO 2 were reduced after the induction Figure 2 . Mean arterial blood pressure, heart rate, end-tidal peak CO 2 , and SpO 2 in male and female ICR mice administered the TBE. Data are presented as means±SD. A P value less than 0.05 was considered to be statistically significant. There were no significant differences between dose, sex, and ICR strain.
of TBE anesthesia in all ICR strains, but no dose-or sexdependent differences were observed. The induction of TBE anesthesia did not result in statistically significant differences in body temperature by dose, sex, or ICR strain. The body temperature was between 37.5 and 38.0 o C before and after TBE anesthesia (data not shown).
Arterial blood PCO 2 , PO 2 , and pH
The arterial blood PCO 2 , PO 2 , and pH after the induction of TBE anesthesia in Korl:ICR, A:ICR, and B:ICR are shown in Figure 3 . The arterial blood PCO 2 was decreased in a dose-dependent manner in all ICR strains after the induction of TBE anesthesia. Korl:ICR mice had the lowest PCO 2 , but the difference was not significance; B:ICR mice had the highest PCO 2 , but there was no significant difference between ICR strains or sex. The arterial blood PO 2 tended to decrease in dose dependent manner after the induction of TBE anesthesia in all ICR strains, but there was no significant difference between strain or sex. The arterial blood pH was between 7.2 and 7.3 before and after TBE anesthesia, with no significant difference observed between the experimental groups (data not shown).
Blood biochemistry
The changes in blood biochemical markers at the recommended anesthetic dose of 250 mg/kg TBE in Korl:ICR, A:ICR, and B:ICR mice are shown in Tables  1, 2 , and 3, respectively. No significant differences in in in male and female ICR mice administered the TBE. Data are presented as means±SD. A P value less than 0.05 was considered to be statistically significant. There were no significant differences between dose, sex, and ICR strain. blood biochemical markers were observed following the induction of TBE anesthesia in all experimental groups of ICR mice.
Histopathological changes in the liver, kidney, and lung
The histopathological changes in the liver, kidney, and lungs following anesthesia induced by low-, intermediate-, and high-doses of TBE in Korl:ICR, A:ICR, and B:ICR mice are shown in Figure 4 . No significant differences in the effects of TBE anesthesia were observed in any experimental group.
Discussion
In this study, the anesthesia time, recovery time, mean arterial blood pressure, heart rate, body temperature, ETCO 2 , SpO 2 , and PCO 2 , PO 2 , and pH of the arterial blood following the induction of TBE anesthesia were compared in Korl:ICR, A:ICR, and B:ICR mice.
TBE is a modest cardiodepressive injectable anesthetic used in biomedical research for short-term surgical procedures (5-30 min) for laboratory rodents and in embryo transfer procedures to produce transgenic mice [8, 14] . TBE is metabolized in the liver by glucuronic The data shown represent the means±SD (n=7 per group). AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phosphatase, BUN: Blood urea nitrogen, A/G ratio: Albumin/Globulin ratio acid conjugation [15] , is generally administered by the intraperitoneal route, and is reported to produce good surgical anesthesia and muscle relaxation with rapid induction and recovery within 80 min [16] . The minimum cut-off dose for TBE is reported to be 200-250 mg/kg [17] [18] [19] [20] and a dose of 240 mg/kg i.p. produces surgical anesthesia lasting 16-20 min, with good skeletal muscle relaxation, moderate respiratory depression, and full recovery within 40-90 min [21] [22] [23] . In this study, 125 mg/kg was used as the lowest dose of TBE, 250 mg/kg was used as the intermediate dose, and 500 mg/kg was used as the highest dose; all doses were administered i.p. and all mice displayed clear signs of light anesthesia with a strong pedal withdrawal reflex. Gardner et al. [24] reported that 400 mg/kg of 2.5% TBE i.p. induced reduced righting reflex within 3 min and a mean time of adequate anesthesia of 6.9 min in male HSD:ICR mice. In this study, anesthesia time of 21.5-34.5 min was observed for male Korl:ICR mice in the high-dose group, which was comparatively long, despite the higher dose used. Voipio et al. reported that there were some differences in anesthetic effects on different strains of mice [10] . Mulder's experiment indicated strain differences, but not sex differences, of anesthetic duration in inbred mice [11] . Koizumi et al. evaluated sleep-time variation in outbred Jcl:ICR and MCH (ICR) mice administered TBE (400 mg/kg i.p.) [25] . The susceptibility of Jcl:ICR mice to TBE anesthesia was equivalent between experimental groups, but differed widely between male and female mice, with females more susceptible than males [25] . In the present study, there were no significant differences between the three ICR strains with regard to anesthesia time and recovery time, although anesthesia and recovery time were longer in female mice than in male mice. The results of our study confirmed differences in the response of male and female mice to TBE anesthesia. Parameters such as oxygen saturation, heart rate, and respiratory rate have been reported to relate directly to anesthesia [26] . Anesthesia depresses the heart function and blood flow, which may affect both surface temperature and, potentially, blood flow to the peripheral nervous system. This study showed that the mean arterial blood pressure before anesthesia was higher in males than in females in all ICR stains. Male Korl:ICR had the highest blood pressure in non-anesthetic conditions and after the induction of TBE anesthesia; blood pressure was lower after TBE anesthesia, but there was no significant difference. In Korl:ICR mice, heart rate was higher during deep anesthesia with a dose of TBE 125 mg/kg and more than in non-anesthetic conditions, but there was no significant difference, and A:ICR and B:ICR mice exhibited the same pattern (Figure 2 ). Hart et al. Figure 4 . The histological appearances of liver, kidney, and lung in male and female ICR mice administered the TBE. The section were stained using hematoxylin and eosin. Magnification ×200.
[27] examined cardiac performance in male Swiss Webster mice receiving TBE (375 mg/kg), and found less bradycardia with smaller effects on cardiac loading and ventricular function. However, our results indicated that changes in blood pressure and heart rate were the major cardiovascular changes following a single induction of TBE anesthesia and that other factors were not major risk factors for ICR mice. Capnography is the measurement and display of the ETCO 2 near the airway opening and has been performed in non-intubated patients by using a device that samples exhaled air through a nasal cannula [28, 29] . ETCO 2 is used for a noninvasive estimate of PaCO 2 [30, 31] and the continuous assessment of ETCO 2 may help to optimize mechanical ventilation [32] . Our results showed that the ETCO 2 increased with an increase in the dose of TBE, that PCO 2 gas in the arterial blood increased, and that the arterial blood PO 2 decreased. However, the pH of the arterial blood remained within the normal range, confirming that the balance of acid and base in the blood was controlled for the single induction of TBE anesthesia at doses of 125-500 mg/kg. O 2 saturation is one of the parameters used to estimate anesthetic depth and condition of laboratory animals under anesthesia [26] . Our results showed that SPO 2 was reduced by approximately 15% in deep anesthesia, regardless of the TBE dose, ICR strain, or sex. There was almost no change in body temperature due to TBE anesthesia; it was presumed that normal body temperature was maintained by the thermostatic heat pad. The arterial blood PCO 2 and PO 2 were decreased in dose-dependent manner after the induction of TBE anesthesia in all ICR strains. These results showed that the single exposure to TBE anesthesia reduced arterial blood PCO 2 as well as PO 2 , but that it was not sufficient to cause fatal heart and respiratory problems. Although anesthesia is generally known to affect cardiopulmonary function [14, 33] , we concluded that cardiopulmonary function in the ICR strains tested were not significantly altered by a single exposure to TBE anesthesia. Christine et al. [34] reported the variability of anesthetic effectiveness, pathology, morbidity, and mortality associated with the use of TBE and did not recommend the use of TBE in female ICR mice. However, in this study, the safety of the anesthetic method for female ICR mice was observed, because no adverse events or deaths occurred. Our results showed that the most commonly recommended dose, 250 mg/kg, was capable of inducing deep anesthesia within 13-19 min, with greater differences between the anesthesia time in male and female mice observed in the high-dose groups. These sex differences after TBE administration may be affected by pharmacokinetic factors such as differences in drug metabolism and body composition of male and female mice.
Previous studies have shown that TBE elevates blood glucose [17] , increases apoptosis and peritonitis, and that TBE toxicity was associated with the breakdown product, dibromoacetaldehyde [17, 35] . The liver enzymes, AST and ALT, were within the normal range for mice, which indicated that TBE anesthesia did not exert harmful effects on liver function. In addition, no mortality or adverse events were observed in Korl:ICR, A:ICR, B:ICR mice administered 500 mg/kg TBE. Some researchers have reported high rates of post-anesthesia mortality, peritonitis, intestinal ileus, and abdominal adhesions [36] , whereas others have used TBE extensively with few adverse effects [37] . Thompson et al. [38] investigated the histopathological changes to the liver, spleen, heart, and kidney at 3 and 6 h after the onset of anesthesia (160 mg/kg TBE i.p.) in mice and also reported no detectable pathologic changes in the tissue. However, Goelz [39] concluded that TBE produced an anesthetic state in CD-1 mice, but that it was inconsistent and often variable. With regard to the safety of TBE in this study, all mice injected with TBE (125-500 mg/kg) recovered perfectly from anesthesia, with normal values for blood biochemical parameters and histological appearances. Therefore, we suggest that a single dose range of 125-500 mg/kg TBE is a safe and proper dosage to allow mice to recover quickly from anesthesia. In conclusion, the anesthetic response to TBE in three different strains of ICR mice was similar, but with some sex differences. However, in general, TBE was safe and resulted in stable anesthetic responses.
